Wavelength standard in 543 nm and the corresponding 127I2 hyperfine transitions by Wang-Yau Chang
WEP8-5 
WAVELENGTH STANDARD IN 543 NM AND 
THE CORRESPONDING 1271~  HYPERFINE TRANSITIONS 
Wang-Yau Cheng and Jow-Tsong Shy 
Department of Physics, National Tsing Hua University, Hsinchu, 30043 Taiwan, ROC 
Ahstract 
We report on the features of our compact 
iodine-stabilized 543 nm He-Ne lasers and the corresponding 
2712 hyperfine transitions. The stability, reproducibility and 
resettability are investigated; the frequency intervals of the 
resolved hyperfine peaks are measured thus the 
corresponding hyperfine constants are determined; the 
linewidth of each main line is measured; the features of the 
suggested wavelength standard line blo are investigated in 
details for the first time. 
Details of the iodine-stabilized laser system have been 
described previously [ 11, so we offer only a brief description 
here. 
The setup of our frequency measurement system is shown 
in Fig. 1, where two of the Melles Griot 05-LGR 323 lasers 
are used. Refer to Fig. 1, the laser frequency is modulated by 
the PZT glued on the laser tube at few tens lcHz and the 
third-harmonic demodulation technique is used to detect the 
saturation spectrum of iodine molecule. The beedback signal 
is fed to a heater on the laser tube. 
As shown in Fig. 1, the beat note detected by the 
avalanche photo-diode (APD) is pre-amplified by a 
pre-amplifier (HP 8447D), and the beat frequency is down 
converted to a frequency smaller than 10 MHz by a signal 
generator (HP 8643A) together with a HP 10514A mixer. 
After passing a 10 MHz low pass filter (Mmi-circuit 
BLP-10.7) to eliminate the residual beat note by the other 
longitudinal mode, the actual beat frequency is measured by 
a frequency counter 5313A) which is controlled and 
recorded by a personal computer. 
As for measuring the absorption coefficient of blo line, 
the laser is pre-stabilized to blo line by the third harmonic 
locking technique. Then the laser beam is arranged to pass 
through one 0.09 m iodine cell with brewster windows and 
the little power loss due to absorption is measured by two 
lock-in amplifiers. 
As depicted in Fig. 2, the standard Allan variance is 
6.2 X l O I 4  at 30 second sampling time and 3.1 X O I 3  at one 
second sampling time, whereas unexpected long term drift is 
observed for sampling time longer than 100 
seconds. The long term drift is probably due to the 
temperature dnft of the cold finger of the iodine 
cell. The reproducibility is found as 7 kHz for the 
frequencies are all stabilized to blo line , and the 
resettability is found to be less than 2 kHz by 
observing the beat note between blo and bz lines 
within one week.The frequency intervals of 22 
resolved main lines are measured relative to blo 
line (the suggested wavelength standard [ 11) 
under 2 second sampling time. The the average 
uncertainty (standard deviations) of the 
measurements is 0.9 kHz. The hyperfine constants 
are also fitted and the results are listed in Table. 1 
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The features of the blo line are also investi- 
gated since we suggest it as the new length 
standard line. The pressure shift of blo line is 
measured as -4.3 * 0.4 kHz/Pa red shift; the 
absorption coefficient of blo line is measured as 
0.16 m-’Pa-l and the other intrinsic characteristics 
of blo line are also deduced and listed in Table 2. 
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Table 1 The determined hyperfine constants 
w) 26-0 6 )  28-0 
AeqQ (MHz) 1917.62(7) 1914.452 (14) 
AC (kHz) 59.1(2) 70.268 (8) 
Ad W )  -35 (2) -34.6(6) 
A w - 3  -15(3) -6.7(9) 
standard 8.1 6.8 
The lower level constants are fohlowing: 
eqQ“=-2452.5837 MHz, C”=3.162 kHz, d”=l.58 ~ H Z  
and 6”=3.66 kHz. 
A c r y l i c  
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Fig. 1 Schematic diagram of the beat frequency measurement system. Here, DFI: double Faraday isolator; 
FI: Faraday isolator; PBS1,2,3: polarizing beam splitter; L1,2: convex lens with focal length 50 cm and 
30 cm, respectively; M1,2: 90% partial reflection mirror; BS: beam splitter; AOM: 80 M H z  acoustic-optic 
modulator, -1st order is used; PD: photo-diode; APD avalanche photo-diode. PA: pre-amplifier; SA: spectrum 
analyzer; SG: signal generator; LF: 10 MHz low-pass filter; FC: frequency counter; SL: servo loop. 
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1. Linewidth (HWHM, 4.12 Pa): 
0.85 _+ 0.05 MHz 
2. Nature linewidth (HWHM): 
0.65 MHz 
3. Dipole transition moment: 
6.5 x 1 0 - 3 ~  coulomb-m 
4. Pressure SM: 
-4.3 k 0.4 W a  
5. Pressure broadening ( for vapor pressure 
111 *5kHz 
6 .  Weak-field absorption coefficient: 
0.16 m-lPa-’ 
7. Doppler free weak-field absorption coefficient: 
3.63 m-lPa-l 
8. Saturation intensity at 4.12 Pa: 
385 f 142 W/m2 
6 Pa): 
472 
